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Abstract: Racial and ethnic disparities exist in diabetes prevalence, health services utilization, and
outcomes including disabling and life-threatening complications among patients with diabetes.
Home health care may especially benefit older adults with diabetes through individualized education,
advocacy, care coordination, and psychosocial support for patients and their caregivers. The purpose
of this study was to examine the association between race/ethnicity and hospital discharge to home
health care and subsequent utilization of home health care among a cohort of adults (age 50 and
older) who experienced a diabetes-related hospitalization. The study was limited to patients who
were continuously enrolled in Medicare for at least 12 months and in the United States. The cohort
(n = 786,758) was followed for 14 days after their diabetes-related index hospitalization, using linked
Medicare administrative, claims, and assessment data (2014–2016). Multivariate logistic regression
models included patient demographics, comorbidities, hospital length of stay, geographic region,
neighborhood deprivation, and rural/urban setting. In fully adjusted models, hospital discharge to
home health care was significantly less likely among Hispanic (OR 0.8, 95% CI 0.8–0.8) and American
Indian (OR 0.8, CI 0.8–0.8) patients compared to White patients. Among those discharged to home
health care, all non-white racial/ethnic minority patients were less likely to receive services within
14-days. Future efforts to reduce racial/ethnic disparities in post-acute care outcomes among patients
with a diabetes-related hospitalization should include policies and practice guidelines that address
structural racism and systemic barriers to accessing home health care services.
Keywords: chronic conditions; diabetes; older adults; race or ethnicity; health care access; home
health care; social determinants of health; inequalities or inequities
1. Introduction
In the United States, an estimated 28% of older adults live with diabetes, a chronic
condition contributing to macro- and microvascular complications [1]. Diabetes is associ-
ated with more frequent use of emergency and acute care, higher mortality [2,3], longer
hospitalizations, and more frequent rehospitalizations [4,5]. For older adults with multiple
chronic conditions, post-acute care transitions are a particularly high-risk period for ad-
verse events and rehospitalization [6,7]. Home health care visits are one important aid to
effective transition from hospital to home and may reduce adverse events among high-risk
patients [8–10]. For patients with diabetes, home health visits can be used to individualize
teaching and support of patients with management of medications and dietary guidelines
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to optimize glycemic control and prevent complications [11,12]. The American Diabetes As-
sociation recommends health care providers evaluate patients’ diabetes self-management
skills following a transition between care settings [13]. Post-acute home health care visits
provide opportunities to assess the presence of complicating factors and engage patients
and their caregivers in individualized education and support with blood glucose mon-
itoring, insulin administration, nutritional support, diabetic foot care, wound care, and
management of other chronic conditions.
Black, Hispanic, Asian American, and Native American adults are more likely to
report experiencing discrimination in health care and avoiding health care out of concern
for discrimination or poor treatment compared to white adults [14–17]. Patients’ accep-
tance of home health care is associated with the quality of hospital discharge planning
communication and prior positive or negative experiences with post-acute care [18,19].
Efforts to improve hospital discharge decision-making through clinical decision support
may help to better align referral/receipt of services [8,20]. However, any efforts must also
consider and address systemic barriers that contribute to ongoing racial/ethnic disparities
in current home health care referrals and utilization patterns. Residence in socioeconomi-
cally disadvantaged neighborhoods often poses barriers to health-promoting resources and
services [21,22]. Characterized by area-level poverty, high unemployment, and decreased
educational attainment [23], neighborhood disadvantage is associated with increased rehos-
pitalizations [23–25] and poor glucose control in older adults with diabetes [26]. However,
the inverse may be true in the case of home health care, due to its inclusion as a core benefit
under Medicaid’s community-based long-term services and supports (LTSS).
Differences in insurance coverage for Medicare beneficiaries may impact hospital
discharge planning and referral and utilization of home health care services. In the United
States, Medicare is the national hospital and medical insurance for older adults and people
with long-standing disability and may reimburse for services under a fee-for-service or
managed care plan. Medicaid is the medical insurance for people with very low income or
disabilities; jointly funded by the federal and state governments. Both Medicaid and fee-
for-service (FFS) Medicare programs cover intermittent skilled home health care as a core
benefit with no co-pay, deductible, or limits on the service utilization. Until 2020, Medicare
required patients to be homebound (unable to safely leave their home on a regular basis
without assistance) to receive home health services. In contrast, Medicaid may cover skilled
home health care for patients who are able to leave their home but have unreliable trans-
portation or caregiver responsibilities limiting their ability to attend frequent primary care
appointments for disease monitoring and management. Medicare Advantage (managed
care) differs from FFS Medicare in that the private plans may have a co-pay for home health
care and may have a restricted network of home health agency providers, in addition to
reimbursing home health agencies for services at a lower rate relative to FFS Medicare [27].
Many older adults can choose between fee-for-service Medicare or a private Medicare
Advantage plan, however, dual-eligible Medicare/Medicaid beneficiaries in some states
are enrolled exclusively in Medicare Advantage. This study includes patients enrolled in
both FFS Medicare and Medicare Advantage, including patients who are dual-eligible for
Medicaid.
There are multiple ways for a patient to gain access to post-acute home health care.
Discharge planning should be a collaborative function between patient/support system,
in-patient providers, and outpatient services. A referral (or discharge disposition) to home
health care indicates the discharge plan upon leaving the hospital was home with home
health care services. We further examined whether patients received an initial post-acute
visit. In coordinated care, we expect congruency between referral and utilization, allowing
for a hand off between providers, ability of home health agency to prioritize visits as
needed, and limited disruption in patient care. Differences in referral and utilization
may indicate missed opportunities for patients to receive expected or needed services.
To improve post-acute care outcomes among Medicare beneficiaries with diabetes, it is
important to first identify the gaps or inequities in access to care. The purpose of this
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study was to explore racial/ethnic differences in post-acute home health care referral
and utilization following diabetes-related hospitalizations among a cohort of Medicare
beneficiaries. We also examined the influences of individual and societal factors on referral
and utilization outcomes.
2. Materials and Methods
2.1. Study Design and Data Sources
We performed a retrospective analysis of Medicare fee-for-service and Medicare Ad-
vantage beneficiaries with an index hospital stay related to diabetes in 2015. The primary
datasets used in this study were complete for both Medicare fee-for-service (FFS) and
Medicare Advantage population. The study design and variable selection were informed
by Andersen and Newman’s Framework for Viewing Health Services Utilization [28].
From this lens, societal determinants including federal and state policy regulating health
insurance (i.e., Medicare and Medicaid), neighborhood socio-economic factors, and struc-
tural racism. The health services system includes care access and quality, availability of
culturally and linguistically appropriate services, and systemic and institutional racism.
Within this framework, individual determinants—such as Black race or limited-English
proficiency—reflect the individual and joint effects of societal determinants (e.g., structural
racism) and health services system factors (e.g., institutional racism and access to culturally
and linguistically appropriate care).
2.2. Study Population
To create the study sample (Figure 1), we identified all Medicare beneficiaries aged
50 or older who experienced a diabetes-related hospital admission in 2015 (n = 1,270,929).
Diabetes-related hospitalizations were identified by a primary admitting diagnosis of dia-
betes or a secondary diagnosis of diabetes combined with a diabetes-related comorbidity [29].
Table 1 displays the list of International Classification of Diseases ICD-9 and ICD-10 diag-
noses used to identify diabetes-associated hospitalizations. Index hospitalizations were
restricted to patients discharged to home health care or home with self-care, who were
continuously enrolled in Medicare for at least 12 months (Figure 1). To minimize the possi-
bility of the index stay itself being a rehospitalization, we additionally excluded patients
hospitalized during the 120-days prior to the index hospitalization. Hospital discharge,
home health care admission, and rehospitalization outcomes (reported in a separate pa-
per) extended into 2016. Patients aged 50 and older were included in the study sample.
Chronic stress, complex health conditions, and social disparities increase patients’ risk for
premature age-related morbidities, organ damage, and permanent disability [30].
2.3. Outcomes
To better understand the factors impacting utilization of home health care we first
evaluated which patients were discharged from the hospital to home health care versus to
home with self-care. The main or final outcome was any home health care usage within
14-days of hospital discharge. The Medicare Provider and Analysis Review (MedPAR) file
was used to identify hospitalizations, diagnoses, and hospital discharge disposition. Home
health care utilization dates relative to the hospitalization (14 days after) was calculated
from the home health care Outcome and Assessment Information Set (OASIS) assessments
(2015–2016).
Figure 2 shows 209,152 patients (27%) were discharged from the hospital to home
health care and 213,766 (27%) received home health care services within 14-days. However,
these are not necessarily the same patients, as among those discharged to home health care
only 73% received services within 14-days. Additionally, among patients discharged home
to self-care 11% received home health care within 14-days.




Figure 1. Delimitation of index hospitalizations and study sample. 
Table 1. International Classification of Diseases (ICD) Codes Used to Identify Diabetes-Related 
Hospitalizations 
Ninth Revision, Clinical Modification 
(ICD-9-CM) 
Tenth Revision, Clinical Modification 
(ICD-10-CM) 
Diabetes mellitus: 250xx Diabetes mellitus: E11xx 
Cardiovascular diseases: 410–414, 39891, 
426–428, 7850, 7851, 430–438, 401–405, 4372, 
Cardiovascular diseases: G45, 58; I09–13,15, 
20–21, 23–28, 44–45, 47–51, 62–63, 65–67, 70–
Figure 1. Delimitation of index hospitalizations and study sample.
2.4. Individual-Level Variables
The Elixhauser Comorbidity Index Score with readmission weights calculated from
index hospital admission diagnosis codes contained in MedPAR was used to calculate
clinical complexity [31]. We supplemented the list of Elixhauser comorbidities used in
descriptive and multivariate analyses with two additional dummy variables for end-stage
renal disease and Alzheimer’s disease and related dementias utilizing chronic condition
flag from the Medicare Beneficiary Summary File (MBSF). Demographic data including
age, sex, insurance type, and Medicare enrollment status were also obtained from the MBSF.
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Home health care use during the 120 days prior to index hospitalization was calculated from
OASIS assessments (2014–2015). Self-reported race/ethnicity data from OASIS assessments
(2013–2016) augmented the imputed Research Triangle Institute (RTI) race variable in the
MBSF, minimizing misclassification errors and instances of other/unknown race [32].
Table 1. International Classification of Diseases (ICD) Codes Used to Identify Diabetes-Related
Hospitalizations.
Ninth Revision, Clinical Modification
(ICD-9-CM)
Tenth Revision, Clinical Modification
(ICD-10-CM)
Cardiovascular diseases: 410–414, 3,9891,
426–428, 7850, 7851, 430–438, 401–405, 4372,
415–417, 429, 440–444, 446–448, 451–453,
458–459, 557, 7859, 7865, 7943, 7962
Cardiovascular diseases: G45, 58; I09–13,15,
20–21, 23–28, 44–45, 47–51, 62–63, 65–67, 70–75,
77–78, 80–82, 87, 69, 95, 97, 99; K55; M30–31;
R00, 03, 07, 09, 58, 94
Diabetes mellitus: 250xx Diabetes mellitus: E11xx
Renal diseases: 580–586, 590, 595, 597, 5,9800,
5,9801, 5990
Renal diseases: N00–05, 08, 10, 11, 16–19, 30,
34–35, 37, 39
Lower extremity diseases and complications:
0201, 0210, 0220, 0311, 03285, 035, 0390, 337,
342–344, 354, 355, 3568, 3569, 3572, 3581, 4402,
4423, 4438, 4439, 44422, 44502, 4510, 4512, 454,
680–682, 684–686, 690, 694–698, 700–703, 707,
709, 711, 7184, 7271, 730, 735, 736, 7396, 7854
Lower extremity diseases and complications:
A20, 21, 31, 36; E08–11, 13, 83; G56–60, 73,
80–83, 90; I83, 96; L00–03, 05, 08–13, 20–21, 26,
28–30, 40, 42–44, 49, 51–53, 57, 60, 66, 71, 80–85,
87, 89–95, 97–98; M00–02, 20–21, 24, 46, 57, 66,
83, 85–87, 89–92
Eye diseases and vision defects: 361, 362,
365–369
Eye diseases and vision defects: E113, 09–11,
13; H26, 28, 36, 250–252, 258–262, 311, 330–334,
338, 340–2, 348–359, 400–406, 408–9, 520,
523–527, 530–536, 538–548; Q150
Mycoses: 110–112, 1141, 1143, 1149, 115–118 Mycoses: B35–49
Fluid and electrolytes: 276 Fluid and electrolytes: E86–87
Note: As of 1 October 2015, the United States transitioned to the ICD-10-CM coding system. Diabetes-related
hospitalizations were defined by a primary admitting diagnosis of diabetes or a secondary diagnosis of diabetes
combined with a diabetes-related condition including cardiovascular, renal, lower extremity, or eye disease [29].
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Figure 2. Discharge destination and 14-day home health care (HHC) utilization outcomes for sample
(n = 786,758). Note: Solid lines represent expected patterns; dashed lines represent unexpected
patterns. (a) 56,152 (27%) patients who were discharged to HHC did not receive services. (b) 61,565
(11%) patients who were discharged home without HHC received services.
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2.5. Geographic-Level Variables
Neighborhood socioeconomic advantage, rural–urban designation, and region of
the country were examined as part of societal determinants of home health care referral
and use [24,33]. Socioeconomic advantage was measured with the 2015 Area Depriva-
tion Index 2.0 (ADI 2.0) [34], a composite index of 17 socioeconomic indicators from the
2011–2015 U.S. Census American Community Survey, linked to patients’ nine-digit zip
code [24]. A binary variable was created to classify disadvantaged neighborhoods using
the 85th percentile (national ranking) of the ADI 2.0 [24]. We then split the neighborhood
variable into four categories to distinguish between disadvantaged neighborhoods located
in urban or rural areas. The Rural–Urban Continuum Codes (RUCC) codes 1–3 identify
urban areas and codes 4–9 areas considered to be rural [35]. A four-category RUCC-ADI
combination variable was then created: (a) rural-advantaged, (b) rural-disadvantaged, (c)
urban-advantaged, (d) urban-disadvantaged. Finally, we created dummy codes for the
nine U.S. Census Division regions and Puerto Rico, linked to patients’ state of residence at
the end of 2015.
2.6. Analytic Approach
First, we explored patients’ clinical and socio-demographic characteristics, by hos-
pital discharge destination (home health care vs. home to self-care), and by subsequent
utilization of home health care. Descriptive results were then stratified by race/ethnicity,
neighborhood profiles (rural-advantaged, rural-disadvantaged, urban-advantaged, and
urban-disadvantaged), and insurance (Medicare fee-for-service or Medicare Advantage
alone or in combination with Medicaid).
We used multivariable logistic regression models to evaluate the predictors of the
intermediate outcome: hospital discharge to home health care. The model was controlled
for age, sex, race/ethnicity, insurance, prior HHC use, neighborhood profile, and census
region). Then to evaluate the final outcome, we used logistic regression models to assess
the predictors of utilization of home health care during the initial 14-day post-acute hos-
pital period, stratified by discharge disposition. These models were controlled for age,
sex, race/ethnicity, insurance, prior HHC use, neighborhood profile, and census region
(Table 3, Models 2a and 2b). The area under the receiver operator curve (c-statistic) was
used to estimate model performance. All analyses were performed using SAS software,
version (9.4) (SAS Institute Inc., Cary, NC, USA).
3. Results
3.1. Study Population
We identified 786,758 Medicare beneficiaries with a diagnosis of diabetes who expe-
rienced a diabetes-related hospitalization and were discharged to home or home health
care services in 2015. The median age of the sample was 73.1 years (IQR = 67–80). The
racial/ethnic composition of the sample was two-thirds (68%) (non-Hispanic) White,
17% Black, 11% Hispanic, 2.5% Asian American/Pacific Islander (AAPI), and 1% American
Indian/Alaska Native (AIAN). Greater than one-third (36%) of the sample was enrolled in
a Medicare Advantage plan, and 30% were dual-eligible for Medicaid. All patients had a
diagnosis of diabetes, and 29% had diabetes with chronic complications. Other common
comorbidities included hypertension (90%), congestive heart failure (37%), renal failure
(37%), fluid and electrolyte disorders (35%), and chronic pulmonary disease (26%). During
the 120 days prior to the index hospitalization, 15% of the sample had used home health
care. Additional descriptive results are presented in Table S1.
3.2. Sample Characteristics Stratified by Race, Neighborhood Profile, and Insurance
Table 2 presents the descriptive results stratified by race and ethnicity. One of the
most striking differences is the age distribution by race, with 35% of Black, 33% of AIAN,
and 27% of Hispanic patients in the sample under the age of 66, compared to 19% of AAPI,
and 18% of white beneficiaries. Residence in a socioeconomically disadvantaged zip code
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(ADI 2.0 national ranking at or above 85th percentile) was more prevalent among Black
(32%), AIAN (29%), and Hispanic (26%) patients, compared to White (12%) and AAPI (7%)
patients. Slightly more than one-third (36%) of the sample was enrolled in a Medicare
Advantage plan, with greater enrollment among Hispanic patients (52%), and lower
enrollment among AIAN patients (17%). Medicaid eligibility also differed by race/ethnicity,
ranging from 54% of both Hispanic and AAPI patients, to 47% of Black patients, 43% of
AIAN patients, and 20% of White patients. Enrollment in Medicare Advantage was
less common in rural (24%) compared to urban areas, where enrollment reached 46%
in disadvantaged neighborhoods. See Supplemental Table S2 for additional detail on
sample characteristics stratified by neighborhood profiles and Supplemental Table S3 for
additional detail on sample characteristics stratified by insurance.
Table 2. Sample characteristics by race/ethnicity, column percentage unless otherwise noted.
White Black Hispanic AAPI AIAN
n = 534,733 n = 134,250 n = 86,834 n = 19,888 n = 5859
Sex, Male % 53.8 41.7 49.1 50.1 48.0
Age 1, %
50–65 17.6 34.9 26.5 18.9 32.8
66–75 39.3 34.5 35.6 34.7 37.1
76–85 31.0 22.7 28.0 31.9 23.8
86+ 12.1 8.0 9.9 14.5 6.3
Insurance, %
Medicare FFS 54.6 32.1 20.2 27.1 47.0
FFS + Medicaid 13.7 27.3 27.6 34.0 35.8
Medicare Advantage (MA) 25.0 20.8 25.5 19.2 10.1
MA + Medicaid 6.7 19.8 26.7 19.7 7.1
RUCC-ADI 2.0, %
Rural-Advantaged 17.4 6.0 3.6 2.9 26.8
Rural-Disadvantaged 4.0 5.4 2.5 0.4 17.7
Urban-Advantaged 71.1 61.8 70.7 89.9 44.3
Urban-Disadvantaged 7.5 26.7 23.2 6.8 11.2
Elixhauser score 2 (mean) 27.4 30.7 27.0 29.7 29.1
Common Comorbidities, %
Chronic pulmonary 28.4 24.6 18.2 18.2 25.8
Congestive heart 37.8 40.3 31.5 35.8 35.0
Dementia 15.8 18.0 17.5 19.1 15.7
Depression 13.0 7.8 9.1 5.7 11.3
Diabetes complication 27.5 32.6 35.0 34.0 35.7
Fluid/electrolyte 33.6 38.3 34.9 42.6 38.6
Hypertension 88.3 94.3 91.4 92.4 88.0
Hypothyroidism 20.4 10.0 16.2 14.0 18.3
Peripheral vascular 17.7 15.7 17.6 15.4 16.3
Renal failure 34.6 45.9 38.5 45.6 42.4
Prior HHC (120-days), % 14.6 18.7 16.5 12.6 13.2
Hospital LoS 3 (mean) 3.8 4.0 4.2 3.9 3.9
Note: AAPI = Asian American/Pacific Islander; AIAN = American Indian/Alaska Native, FFS = fee for service.
1 Age (median years, IQR): 74, 68–81; 70, 64–77; 72, 65–79; 74, 68–82; 70, 65–77. 2 Elixhauser score (median, IQR):
26, 14–39; 30, 18–42; 25, 13–39; 28, 15–42; 28, 15–41. 3 Hospital length of stay (median days, IQR): 3, 2–5; 3, 2–5; 3,
2–5; 3, 2–5; 3, 2–5.
3.3. Predictors of Hospital Discharge to Home Health Care
Table 3 displays the unadjusted (bivariate) and adjusted logistic regression models
(Model 1) estimated to assess the influence of study variables on discharge destination to
home with a referral for home health care services. In bivariate models, relative to white
patients (reference group), hospital discharge/referral to home health care was similar for
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AAPI patients (OR 1.0, 95% CI 1.0–1.0), greater for Black patients (OR 1.1, 95% CI 1.1–1.1),
and lower for Hispanic (OR 0.8, 95% CI 0.8–0.8) and AIAN patients (OR 0.7, 95% CI 0.7–0.7).
Additional bivariate models show more frequent hospital discharge/referral to home health
care among patients with prior home health care use (OR 3.7, 95% CI 3.7–3.8), age greater
than 86 years (OR 2.4, 95% CI 2.4–2.5), dual-eligible (OR 1.3, 95% CI 1.3–1.4), diagnosis
of dementia (OR 2.0, 95% CI 1.9–2.0), and residence in urban or rural, socioeconomically
disadvantaged zip codes (OR 1.2, 95% CI 1.2–1.2).
Table 3. Logistic models predicting hospital discharge to home health care (HHC) and use of HHC within 14-days.
Discharge to HHC HHC Use within 14-Days
Unadjusted Model 1 Model 2a Dischargedto Home Health Care
Model 2b Discharged
to Self-Care
c = 0.754 c = 0.674 c = 0.797
OR, 95% CI OR, 95% CI OR, 95% CI OR, 95% CI
Race (reference group = white)
Black 1.1, 1.1–1.1 * 1.0, 1.0–1.0 * 0.9, 0.8–0.9 * 1.2, 1.2–1.2 *
Hispanic 0.8, 0.8–0.8 * 0.8, 0.8–0.8 * 0.7, 0.6–0.7 * 1.0, 1.0–1.0
AAPI 1.0, 1.0–1.0 0.9, 0.9–1.0 0.8, 0.8–0.9 * 1.0, 0.9–1.0
AIAN 0.7, 0.6–0.7 * 0.8, 0.7–0.9 * 0.8, 0.7–0.9 * 0.8, 0.7–0.9 *
Sex (reference = female)
Male 0.8, 0.8–0.8 * 0.9, 0.9–0.9 * 1.0, 0.9–1.0 * 0.8, 0.8–0.9 *
Age (ref = 50–65 years)
66–75 1.0, 1.0–1.0 * 1.2, 1.2–1.2 * 1.0, 1.0–1.1 * 1.2, 1.1–1.2 *
76–85 1.5, 1.5–1.5 * 1.7, 1.7–1.7 * 1.3, 1.2–1.3 * 1.7, 1.7–1.8 *
86+ 2.4, 2.4–2.5 * 2.6, 2.6–2.7 * 1.4, 1.3–1.4 * 2.5, 2.4–2.6 *
Insurance (reference = FFS only)
Medicare FFS + Medicaid 1.3, 1.3–1.4 * 1.2, 1.2–1.2 * 1.0, 1.0–1.0 1.4, 1.4–1.4 *
Medicare Advantage (MA) 1.0, 1.0–1.1 * 1.2, 1.2–1.2 * 0.5, 0.5–0.5 * 1.1, 1.0–1.1 *
MA + Medicaid 1.3, 1.3–1.3 * 1.3, 1.3–1.3 * 0.5, 0.5–0.5 * 1.1, 1.1–1.2 *
Prior HHC (ref = no)
HHC in prior 120 days 3.7, 3.7–3.8 * 3.1, 3.1–3.2 * 2.5, 2.4–2.5 * 9.0, 8.8–9.2 *
RUCC-ADI 2.0 (reference = Rural-Advantaged)
Rural-Disadvantaged 1.2, 1.2–1.2 * 1.1, 1.1–1.1 * 1.1, 1.0–1.1 1.2, 1.1–1.2 *
Urban-Advantaged 1.1, 1.0–1.1 * 1.1, 1.0–1.1 * 0.9, 0.8–0.9 * 1.1, 1.0–1.1 *
Urban-Disadvantaged 1.2, 1.2–1.2 * 1.1, 1.1–1.2 * 0.9, 0.8–0.9 * 1.1, 1.1–1.2 *
Note: FFS = fee for service; * p < 0.05. Models 1, 2a and 2b are adjusted for prior home health care utilization, comorbidities, and
census region.
In model 1 (Table 3), we controlled for age, sex, insurance type, race/ethnicity, pres-
ence of comorbidities, length of stay, recent use of home health care, neighborhood so-
cioeconomic advantage, rural–urban designation, and geographic region. In the adjusted
model, Black patients had similar odds of hospital discharge/referral to home health care
(OR = 0.98, 95% CI 0.97–1.00) relative to white patients (reference group), while discharge
to home health care was less likely for AAPI (OR 0.91, 95% CI 0.88–0.95), Hispanic (OR 0.81,
95% CI 0.79–0.83), and AIAN patients (OR 0.79, 95% CI 0.74–0.85). Use of home health
services during the 120 days prior to the index hospitalization was the strongest predictor
of receiving a referral for home health care (OR 3.12, 95% CI 3.08–3.17). Discharge to
home health care was less likely for men compared to women (OR 0.86, 95% CI 0.85–0.87).
Patients aged 86 and older were more than two and a half times more likely to receive a
referral (OR 2.61, 95% CI 2.55–2.67) than patients aged 50 to 65 years old. Patients enrolled
in Medicare Advantage, Medicare Advantage/Medicaid, or fee-for-service/Medicaid had
greater odds of hospital discharge to home health care than patients with Medicare fee-for-
service alone. Patients with a residential nine-digit zip code (neighborhood) classified as
socioeconomically disadvantaged were more likely to have a hospital discharge/referral
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to home health care in both urban (OR 1.13, 95% CI 1.10–1.15) and rural areas (OR 1.11,
95% CI 1.09–1.13) relative to their counterparts living in socioeconomically advantaged
neighborhoods. The empirical c-statistic of the multivariable logistic model predicting
hospital discharge to home health care was 0.754 (Table 3).
3.4. Predictors of Home Health Care Use after Index Hospital Discharge (First 14-Days)
We estimated logistic regression models to examine predictors of home health care
utilization for patients discharged to home health care (Table 3, Model 2a), and patients
discharged to home with self-care (Model 2b). In bivariate models (not shown), relative to
white patients (reference group), home health care utilization was greater for Black patients
(OR 1.1, 95% CI 1.1–1.1), and lower for AAPI (OR 0.9, 95% CI 0.9–0.9), Hispanic (OR 0.8,
95% CI 0.8–0.8), and AIAN patients (OR 0.7, 95% CI 0.7–0.7). Both models 2a and 2b were
adjusted for age, sex, insurance type, race/ethnicity, presence of comorbidities, length of
stay, recent use of home health care, neighborhood socioeconomic advantage, rural–urban
designation, and geographic region. The models had modes performance predicting home
health utilization among patients discharged to home health care (c-statistic 0.674) and
good performance among patients discharged to self-care (c-statistic 0.797) [36].
Among patients discharged from the hospital to home health care (Model 2a), patients
with a history of home health care use during the 120 days prior to the index hospitalization
were two and half times more likely to receive home health care within 14 days of hospital
discharge compared to patients without recent home health care use. Racial/ethnic mi-
nority patient groups were less likely to receive home health care services compared to
White patients, with the greatest disparity for Hispanic patients (OR 0.66, 95% CI 0.64–0.69).
Among the patients discharged to home health care, enrollment in Medicare Advantage
was associated with lower home health care use compared to Medicare fee-for-service,
including patients dual-eligible for Medicaid (OR 0.48, 95% CI 0.47–0.51) as well as those
with Medicare Advantage alone (OR 0.52, 95% CI 0.50–0.53).
Among patients discharged from the hospital to home with self-care (Table 3, Model 2b),
a history of home health care use during the four months prior to the index hospitalization
was the strongest predictor of post-acute home health care utilization. These patients
were nine times more likely to receive home health care during the first two weeks after
hospital discharge compared to patients who had no recent use of home health care services
(OR 9.02, 95% CI 8.83–9.21). Advanced age was the next strongest predictor of home health
care utilization among patients discharged from the hospital without a home health care
referral, followed by Medicaid dual-eligibility, and a diagnosis of Alzheimer’s disease and
related dementias. In this group, Black patients were more likely to receive home health
care compared to White patients.
4. Discussion
This research explores racial/ethnic differences in home health care referral and
utilization following diabetes-related hospitalizations while adjusting for societal and
individual-level characteristics. We observed racial/ethnic disparities in post-acute home
health care referral and service utilization. Additionally, other individual- characteristics,
prior use of home health care, advanced age, and insurance type were associated with home
health care referrals and service use. The strong association between recent home health
care use, referral at hospital discharge, and utilization suggest adequate care coordination
for existing home health care patients.
Overall, we found that patients from all ethnoracial minority groups other than Black
were less likely to receive a home health care referral at hospital discharge than White
patients in models adjusted for individual, neighborhood, and regional variables (Table 3).
Among patients discharged to home health care, all ethnoracial minority groups (including
Black patients) were less likely to receive services compared to White patients (Table 3).
Furthermore, Black patients who were discharged from the hospital to self-care were sig-
nificantly more likely to receive home health care within two weeks of discharge from
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the index hospitalization, suggesting inadequate discharge planning and care coordina-
tion. To our knowledge, no other studies have examined home health care utilization
among American Indian/Alaska Native (AIAN) patients; however, disparities in health
services utilization have been reported including forgoing medical care [37], lack of pri-
mary providers [38], and high rates of hospital readmissions [39], generally attributed to
geographic and socioeconomic barriers [40]. Our findings for AAPI and Hispanic patients
are consistent with prior studies of Medicare beneficiaries with Hawaiian [41] or national
samples [33,42]. Barriers to timely referral and utilization of post-acute home health care
may be a contributing factor to the increased risk of severe diabetes-related complications
observed in racial and ethnic minorities [43]. Home health care may reduce risk of adverse
outcomes if encouraged, prescribed, and provided in a timely and equitable manner. Fur-
ther examination of informal care, cultural values, and patient preferences may also help
to inform transition practices.
In addition, our findings suggest potential system-level barriers to post-acute home
health care exist in this population related to insurance plan coverage details. Patients with
Medicare Advantage were more likely to receive home health care referrals at hospital
discharge compared to fee-for-service beneficiaries, but then were half as likely to receive
home health care services. These findings reinforce prior research showing that Medicare
Advantage beneficiaries use fewer home health care services [44–46] and plans have lower
expenditures for patients with diabetes than traditional Medicare [47]. The difference
in referral versus utilization observed in our study adds to the literature. Additional
research is needed to identify the causes of these differences, but they may in part be due to
cost-containment strategies, including requiring prior authorizations, restricting networks,
cost-sharing, and utilization reviews [44,48]. We acknowledge that there is heterogeneity
among Medicare Advantage plans [44] as well as the role healthcare providers play in
decision making for post-acute services [48]. These findings are relevant as enrollment in
Medicare Advantage increases. Today, 36% of Medicare beneficiaries are in a Medicare
Advantage plan, up from 24% a decade ago [49].
While this study does not explore the underlying causes of the disparities, we believe
institutional and structural racism may have contributed to the study findings and should
be the focus of future research. Epidemiologist and physician Dr. Camara Jones describes
institutionalized racism as “the structure, policies, practices, and norms resulting in dif-
ferential access to the goods, services, and opportunities of society by race” ([50], p. 11).
One implication of this study is recognizing the need for acute care and home health care
organizations to examine existing institutional policies within the lens of racial justice. Are
there structural barriers in place that prevent patients from accessing equitable discharge
planning and transitional care? Since discharge planning is often subjective in nature, clini-
cal decision support programs [8,18] may assist in identifying patients who could benefit
from home health care services. Patients who did not have recent use of home health
care should be given additional attention at hospital admission and in discharge planning.
Next, patients/families are reliant on healthcare providers to provide information about
home health care services available to them. Misunderstanding and misconceptions about
services can deter patients from accepting services [18,19]. Discharge-planning meetings
should consist of bias-free information in the patient’s preferred language. Institutions
must provide adequate language services so patients/families can make well-informed
decisions, especially in the case of limited English-proficiency when interpreter services
should be utilized for discharge planning [51]. Lastly, we found racial/ethnic minority
patients with home health care referrals were significantly less likely to receive services
compared to white patients. Prior research suggests structural factors that could contribute
to inequities observed, for example, limited home health care staffing in particular commu-
nities [52] or fewer agencies accepting Medicare Advantage [27]. We need further research
to identify contributing factors in this patient population. This must include engaging pa-
tients and caregivers. Then we can implement effective interventions to address inequities
in post-acute home health care use following a diabetes-related hospitalization.
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Our study had several limitations. Unmeasured health system characteristics may
contribute to the differences we observed in home health care referral and utilization [9].
For example, hospitals in urban areas serving a high volume of patients are more likely to
provide formal care coordination, while hospitals serving communities with high poverty
and uninsured rates were significantly less likely to do so [53]. Inclusion of hospital and
agency characteristics could further our understanding of these relationships. Additionally,
patients’ functional status, living situation, and caregiver availability are important consid-
erations for discharge planning decisions, which we did not include, as this information
is available for only the patients who received home health care. We also did not seek
to determine if patients met federal and state requirements for home health care services
under Medicare or Medicaid [54,55], and were unable to determine if patients refused to
accept home health care services. Lastly, while the index hospital admissions occurred
in 2015 the data remain relevant today because policy changes (i.e., PDGM, CARES Act)
afterward are unlikely to have impacted the racial/ethnic differences we observed in home
health care referral.
5. Conclusions
Among older adults with a diabetes-associated hospitalization, persistent racial and
ethnic disparities were observed in home health care referral and utilization. Disparities
in use of home health care services were compounded for patients enrolled in Medicare
Advantage plans. Further work to understand and eliminate systemic barriers contributing
to racial/ethnic disparities in home health care referral and use of services is needed.
Special emphasis should be placed on improving health care system capacity to provide
culturally and linguistically appropriate services, awareness of the role of home health care
as part of community-based long-term supports and services provided under Medicaid
and Medicare special needs plans, and continued elimination of barriers to home health
care usage in Medicare Advantage plans. Lastly, we do not fully know how the COVID-19
pandemic will change the landscape of post-acute care in the long term. In the short
term, home health agencies face increased expenses and decreased patient volume [56,57].
These challenges could exacerbate the disparities uncovered in this study and therefore are
important to factor into policy and practice decisions made in response to the COVID-19
pandemic.
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